Ultrastructural changes were correlated with leaf water potential, relative water content, and abscisic acid levels in the leaf.
grown in peat-sand-vermiculite potting mix under controlled environmental conditions with adequate supplies of a modified Hoagland's nutrient solution, made up as follows: 2.0 mM Plants having at least 1O leaves were selected for the experiments and the eighth or ninth leaf, the oldest leaf being counted as leaf one, was used for all measurements. Samples were normally taken 2 hr after the start of the photoperiod, and all measurements and samples on any one occasion were made on, or taken from, the same leaf. Because of the destructive nature of the sampling a number of plants were used in the experiment, each plant being sampled on two or three occasions.
Abscisic Acid Analysis. Samples of five leaf discs, each 15 mm diameter, were used for ABA analysis. The discs were extracted in an ammoniacal methanol-chloroform-water mixture, and the extract was purified by solvent partition and TLC as described by Beardsell and Cohen (2) . Subsequent measurement of ABA was made using gas chromatography in the electron capture mode.
Plant Water Status. Leaf water potential was measured with a pressure chamber (3, 10) , and the relative water content of the leaves was determined by the method of Barrs and Weatherley (1), using a 1-hr floating period. These values are given to the nearest 0.5 bar and 1 %, respectively. Microscopy Samples. Leaf samples for electron microscopy were taken from both stressed plants and from nonstressed controls. Samples from control plants were taken on every occasion. Samples were fixed in 3% gluteraldehyde, 2% formaldehyde at pH 7.2, postfixed with osmium, and embedded in epoxy resin for sectioning. For light microscopy 2-,um sections were cut and stained with toluidine blue to examine gross cellular changes.
RESULTS AND DISCUSSION
For the first 2 days after water was withheld, +J and RWC were characteristic of well watered control plants, being -6 By the 7th day (i/ =-18.5 bars, RWC = 55%), the bundle sheath chloroplasts had changed their original position, and had become randomly distributed around the cell (Fig. 1, A, B, and C).
Ultrastructure. Bundle sheath cells showed no gross ultrastructural damage other than the formation of small vesicles in the cytoplasm at about -13.5 bars +1. The chloroplasts, apart from the loss of starch and the formation of osmiophilic granules around the edge of the chloroplast, remained intact (Fig. ID) . Even at -18.5 bars f,, cell integrity was maintained and no further damage could be seen.
The mesophyll cell plastids appeared normal at -13.5 bars 1, apart from ballooning of the outer chloroplast membrane in some instances. Small vesicles had also appeared in the cytoplasm of these cells. When i, had fallen to -19 bars, the tonoplast appeared to have broken in about 25% of the mesophyll cells and complete disruption had occurred, the cells becoming filled with chloroplast debris. In the remaining 75% of the mesophyll cells, there was swelling of the outer chloroplast membrane, but grana and stroma lamellae remained well defined. This contrasted strongly with the structure of the chloroplasts immediately after breakdown of the tonoplast, where the swelling was much more pronounced and the internal structures were disorganized (Fig. IE) . The apparent breakdown of the tonoplast at about -19 bars 1 occurred in a random fashion. There seemed to be no rationale as to why individual cells were affected. They were not always the cells furthest from the vascular tissue, nor were they always adjacent to each other. Shaw and Manocha (11) noted similar changes in the tonoplasts of detached, senescing wheat leaves.
Recovery. Plants were rewatered 6.5 hr after the start of the photoperiod, and samples taken 2.5 hr later showed that starch deposition had commenced in the bundle sheath chloroplasts adjacent to undamaged mesophyll tissue ( Fig. 2A) . At this time, t', had risen from -18.5 bars to -11.5 bars and RWC from 55% to 70%, but no decrease in the level of ABA was detected.
Twenty hours after rewatering (/' -3.5 bars, RWC = 97%) the bundle sheath chloroplasts had returned to their original position adjacent to the mesophyll cells. (Fig. 2B) , but disappeared during the following day. Granal stacking and stroma lamellae in these undamaged mesophyll chloroplasts remained unaltered.
After 4 days some small cytoplasmic vesicles still persisted in both mesophyll and bundle sheath cells, although f,, RWC, and ABA levels had returned to normal. By this stage the bundle sheath choroplasts were full of starch (Fig. 2C) .
Samples from the well watered control plants showed none of the structural changes described above and maintained the appearance characteristic of healthy material Water potentials of the levels induced in these experiments have been found in the field in Idaho (4) and locally (Beardsell, unpublished results).
The causes of the breaking of the tonoplast and the swelling and disruption of the chloroplasts are not known, but it is of note that Sorghum, a genus long considered to be more drought-resistant than maize (7, 9) , shows much greater resistance to damage of this kind at similar levels of water stress (unpublished results).
In preliminary work with Sorghum, under the same conditions as reported here, starch was detectable in the bundle sheath plastids until at least the 7th day after cessation of watering (i/ =-19.5 bars, RWC = 74%), although in smaller amounts than in the well watered controls. ABA levels in the tissue were about 5 ng cm2 leaf surface, i.e., similar to those found in maize at a comparable level of stress. Damage to mesophyll chloroplasts also seemed less marked, with only slight swelling of the outer membrane. The tonoplast was still intact, although some cytoplasmic vesicles were present.
The maintenance of the integrity of the tonoplast may therefore be an important factor in the ability of the mesophyll cells, and hence of the whole plant, to withstand water stress.
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